The optimized structures and harmonic frequencies for the transition states and intermediates on the ground state potential energy surfaces of ethylenes, including C 2 H 4 , C 2 D 4 , D 2 CCH 2 , and cis-and trans-HDCCDH, related to the molecular and atomic hydrogen elimination channels of photodissociation in VUV were characterized at the B3LYP/6-311G͑d,p͒ level. The coupled cluster method, CCSD͑T͒/6-311ϩG͑3df,2p͒, was employed to calculate the corresponding energies with the zero-point energy corrections by the B3LYP/6-311G͑d,p͒ approach. Ethylidene was found to be an intermediate in the 1,2-H 2 elimination channel. The barrier for the 1,1-H 2 elimination was computed to be the lowest ͑4.10-4.16 eV͒, while the 1,2-H 2 elimination and H loss channels have barriers of a similar height ͑4.70-4.80 eV͒. The rate constant for each elementary step of ethylene photodissociation at 193 and 157 nm was calculated according to the RRKM theory based on the ab initio surfaces. The rate equations were subsequently solved, and thus the concentration of each species was obtained as a function of time. The concentrations at t→ϱ were taken for calculating branching ratios or yields. In accord with previous experimental findings, the calculated branching ratio for the 1,1-H 2 elimination process is higher than that for the 1,2-H 2 elimination, and the atomic elimination channel is predicted to be favored at increasing excitation energy when competing with the molecular elimination. The significant discrepancies between theoretical and experimental results in the magnitude of the yields and their dependence on the wavelength for the molecular elimination channels suggest the dynamics of either 1,2-H 2 , or 1,1-H 2 elimination, or both channels may be nonstatistical in nature.
I. INTRODUCTION
As one of the simplest unsaturated hydrocarbons, the photochemistry of ethylene has been of interest to chemists since the beginning of this century. In 1927, Bates and Taylor 1 proposed that ethylene decomposes to acetylene and a hydrogen molecule in photosensitization with mercury ( 3 P 1 ). At that time, Hg vapor was thought essential for the reaction to occur. A direct photodissociation of ethylene by ultraviolet light was successfully performed by Mooney and Ludlam 2 in 1929, in which an acetylene and hydrogen atom were speculated as products from the primary process.
LeRoy and Steacie [3] [4] [5] [6] stated that both H 2 elimination, C 2 H 4 →HCϵCHϩH 2 , and H detachment, C 2 H 4 →C 2 H 3 ϩH, were primary processes based on their series of studies on photosensitization of ethylene in the 1940s. While the former process was found to dominate in the room temperature 3 ͑25°C͒ Hg ( 3 P 1 ) photosensitized reaction and to be important at 350°C, 6 the latter was more significant at 300°C with the Cd ( 1 P 1 ) 4 and Zn ( 1 P 1 ) 5 sensitizers. In 1955, Cvetanovic and Callear 7 confirmed that C 2 H 2 and H 2 were indeed formed by intramolecular decomposition and not by a free radical mechanism. They carried out experiments of the Hg ( 3 P 1 ) photosensitization of the C 2 H 4 /C 2 D 4 mixture at room temperature, and only a scarce amount of HD was detected among almost exclusive H 2 and D 2 products. In addition to the H 2 elimination process established at this point, the same authors 8 subsequently found that cis-HDCCDH isomerized to both trans-HDCCDH and D 2 CCH 2 in room temperature Hg ( 3 P 1 ) photosensitization.
In the first investigation of the photodissociation of ethylene by a monochromatic light source at 147 nm, Sauer and Dorfman 9 concluded that H 2 was produced by an intramolecular process, in line with the Hg ( 3 P 1 ) photosensitization reaction. From the observation of the excess acetylene formed relative to H 2 , the same study inferred that C 2 H 4 →HCϵCHϩ2H as well as C 2 H 4 →HCϵCHϩH 2 were primary processes at 147 nm. Further studies of D 2 CCH 2 and trans-HDCCDH photodissociation at 123.6, 147, and 185 nm prompted Okabe and McNesby 10 to propose that the H 2 elimination could proceed via two pathways, i.e., two leaving hydrogen atoms were from ͑a͒ two different C's, or ͑b͒ the same carbon atom. Intriguingly, unlike in the Hg ( 3 P 1 ) photosensitization reaction where presumably a triplet intermediate state of ethylene was involved, no H atom scrambling ͑or isomerization͒ was observed in their direct photodissociation experiments. The study of Ausloos and Gorden 11 on ␥ radiolysis of ethylene, published only one month earlier, also reached similar conclusions. In their flash photolysis of ethylene, in which the wavelengths distributed from 155 to 190 nm, Back and Griffiths 12 considered the formation of 1-butene and propylene as an indication of the existence of a vinyl radical (C 2 H 3 ); the H elimination channel was thus modified as C 2 H 4 →C 2 H 3 ϩH→HCϵCHϩ2H. The primary channels of ethylene photodissociation in the range of VUV were eventually identified in the 1960s as the following:
→H 2 CϭC:ϩH 2 ͑1b͒
→•CHCH 2 ϩH ͑2a͒
•CHCH 2 →HCϵCHϩH. ͑2b͒
The first H atom elimination channel, ͑2a͒, was further investigated by Bersohn's group, 13 who examined laserinduced fluorescence of the H and D atom photodissociated from C 2 D 4 , D 2 CCH 2 , and trans-HDCCDH. They concluded that H elimination takes place on a hot vibrationally equilibrated ground state surface based on the evidences including low translational energy of D atoms and RRKM calculations, which gave the H/D ratios from trans-HDCCDH and D 2 CCH 2 , consistent with the observed values. Lee and co-workers [14] [15] [16] tackled the seemingly complex channels of H 2 elimination as well as the H loss processes with facilities of molecular beam apparatus, allowing ethylene photodissociation to occur in a collision-free environment. The H 2 translational and internal energy distributions as well as branching ratios of HD and D 2 from cis-HDCCDH and D 2 CCH 2 , and the H and D translational energy distributions from C 2 H 4 and C 2 D 4 , respectively, were measured at 193 nm. They confirmed Bersohn's findings about the H loss channel and suggested some important features of transitions states in the H 2 elimination channels. Ab initio calculations 17, 18 were also carried out to study the potential energy surface of ethylene dissociation. However, many issues concerning the photodissociation mechanism in the aspects of the potential energy surface or surfaces involved and the intermediates and transition states are still unresolved.
According to the results of the tremendous experimental efforts, ethylene photodissociation in VUV proceeding via a hot ground state surface following the internal conversion of an excited electronic state to the ground state has always been speculated as one of the possible mechanisms. Recently, we have also shown 19 that the lifetime of low-lying singlet excited states of ethylene is on picosecond scale with respect to the internal conversion. It seems calculations based on this simple model would help clarifying the issues in question.
In the present work, we approach the subject of ethylene photodissociation by first exploring the ethylene ͑including C 2 H 4 , C 2 D 4 , D 2 CCH 2 , cis-HDCCDH, and trans-HDCCDH͒ ground state potential energy surfaces employing ab initio electronic structure calculations to characterize the intermediates and transition states relevant to the primary processes, ͑1͒ and ͑2͒. The yields for the hydrogen atom and hydrogen molecule were measured in the LIF 13 and molecular beam experiments [14] [15] [16] at 193 nm, and most recently at 157 nm. 20 Therefore, it is most fruitful if the yields or branching ratios obtained theoretically at these two wavelengths are also available. With this aim in mind, the rate constants of the ethylene photodissociation at 193 and 157 nm are computed according to the RRKM theory based on the ab initio surfaces. The rate equations are subsequently solved to obtain the branching ratios. In order to simplify the calculations, the H scrambling ͑or isomerization͒ process is neglected in the rate equations at present. This assumption seems to be warranted since no isomerization processes were observed in all experimental studies of ethylene VUV photodissociation. The translational energy distributions of products are also estimated and will be described in a later publication. A preliminary account on the ground state potential energy surface and rate constants for the dissociation of C 2 H 4 was reported 21 earlier.
II. THEORY
A. Ab initio electronic structure calculations
As described earlier, 21 the geometries of the intermediates and transition states related to H 2 and H elimination channels on the ethylene ground state potential energy surface were optimized using the hybrid density functional method, B3LYP 22 /6-311G͑d,p͒ and the corresponding harmonic frequencies were also characterized at the same level of theory. At the spin-restricted and spin-unrestricted B3LYP level, the calculations 23 give generally reasonable structures and frequencies, even for carbene-and biradical-like species. On the singlet ground state potential energy surface of C 2 H 4 , ethylidene and vinylidene are of closed shell character and are well described by restricted B3LYP performed in the present work. The coupled cluster method, 24 CCSD͑T͒/6-311 ϩG͑3df,2p͒, was then employed to calculate the energies, with zero-point energy corrections at the B3LYP/6-311G͑d,p͒ level. The energies obtained by this procedure are in agreement with experimental values within 1-2 kcal/mol, as previous works 25 have demonstrated. The harmonic frequencies and zero-point energy corrections for the deuterated ethylenes were obtained by carrying out a proper isotope substitution. The GAUSSIAN 94 program 26 was employed in the ab initio calculations.
B. Calculations of rate constant by the RRKM theory
For a unimolecular reaction,
where A* is the energized reactant, A is the activated complex, and P represents product or products. This rate constant, k(E), according to the quasiequilibrium theory or RRKM theory can be expressed as 27 k͑E ͒ϭ
where is the symmetry factor, Similarly, we obtain
The saddle-point method can be applied 27 to evaluate (E) and W(E). The vibrational degrees of freedom are considered for the ethylene dissociation reaction, in which the harmonic frequencies obtained in Sec. II A are used for the computations of the density of states and number of states without scaling.
C. Rate equations and branching ratios
The rate equations for photodissociation of the ethylenes considered at 193 and 157 nm were solved by using the Laplace transform method. The analytical solutions for C 2 H 4 (C 2 D 4 ) are given in the Appendix. As a result, the concentration of each species present in the reaction mechanism was obtained as a function of time. To compare with experiments, the concentrations at t→ϱ were taken for calculating branching ratios or yields.
III. RESULTS AND DISCUSSIONS

A. Reaction mechanisms
With the excitation energies of 193 and 157 nm, the ethylene molecule is most likely to be found in the →*( 1 B 1u ) and →3p excited states, respectively, as indicated by the Frank-Condon factor calculations in previous papers. [28] [29] [30] Meanwhile, the →*, →3s, →3p y , and →3p z states are all accessible at 157 nm. In our model, the ethylene photodissociation occurs via a vibrationally equilibrated hot ground state following the internal conversion from an excited electronic state initially pumped through the excitation energy of 193 or 157 nm. The rates of internal conversion have been found to be on the time scale of a picosecond. The H 2 dissociation and H elimination channels in a collision-free environment with one-photon absorption are considered.
The reaction mechanisms of photodissociation at 193 and 157 nm for the five ethylene species in this study are assumed as shown below, where those for cis-and trans-HDCCDH are formally the same in the way we present here.
C 2 H 4
ͭ C 2 H 4 --→ k 4 H 2 CC:ϩH 2 H 2 CC: --→ k 5 HCϵCH 1,1 H 2 elimination ͑1,1E͒ ͭ C 2 H 4 --→ k 6 •CHCH 2 ϩH •CHCH 2 --→ k 7 HCϵCHϩH H loss 2. C 2 D 4 ͭ C 2 D 4 --→ k 4 D 2 CC:ϩD 2 D 2 CC: --→ k 5 DCϵCD 1,1 H 2 elimination ͑1,1E͒ ͭ C 2 D 4 --→ k 6 •CDCD 2 ϩD •CDCD 2 --→ k 7 DCϵCDϩD H loss 3. D 2 CCH 2 Ά ͭ D 2 CCH 2 --→ k 4.1 H 2 CC:ϩD 2 H 2 CC: --→ k 5.1 HCϵCH ͭ D 2 CCH 2 --→ k 4.2 D 2 CC:ϩH 2 D 2 CC: --→ k 5.2 DCϵCD 1,1 H 2 elimination ͑1,1E͒ Ά ͭ D 2 CCH 2 --→ k 6.1 D 2 CCHϩH D 2 CCH --→ k 7.1 DCϵCHϩD ͭ D 2 CCH 2 --→ k 6.2 DCCH 2 ϩD DCCH 2 --→ k 7.2
DCϵCHϩH
H loss
cis-and trans-HDCCDH
ͭ HDCCDH --→ k 4 HDCC:ϩHD HDCC: --→ k 5.1 DCϵCH HDCC: --→ k 5.2 DCϵCH 1,1 H 2 elimination ͑1,1E͒ Ά ͭ HDCCDH --→ k 6.1 HDCCDϩH HDCCD --→ k 7.1 DCϵCHϩD HDCCD --→ k 7.2 DCϵCDϩH ͭ HDCCDH --→ k 6.2 HDCCHϩD HDCCH --→ k 7.3 HCϵCHϩD HDCCH --→ k 7.4
DCϵCHϩH
H loss
The mechanism for each ethylene is composed of three channels: 1,2 H 2 elimination ͑1,2E͒, 1,1 H 2 elimination ͑1,1E͒, and H loss, according to our potential energy surface calculations and in agreement with previous studies. The decomposition processes for partially deuterated ethylenes become seemingly more complex than those for C 2 H 4 and C 2 D 4 . The number of rate constants involved, 7 for C 2 H 4 and C 2 D 4 , doubles to 14 in D 2 CCH 2 , and increases to 17 for each HDCCDH.
B. The ground state potential energy surfaces of ethylenes
The B3LYP/6-311G͑d,p͒ optimized geometries of the transition states and intermediates of the dissociation channels on the C 2 H 4 ground state surface shown in Fig. 1 have been reported 21 and are reproduced here for comparison. The corresponding CCSD͑T͒/6-311ϩG͑3df,2p͒ energies with zero-point energy corrections by B3LYP/6-311G͑d,p͒ were also described in the same work. The results for C 2 H 4 , C 2 D 4 , D 2 CCH 2 , and cis-and trans-HDCCDH are demonstrated in Figs. 2-6, respectively. The differences in energy are obviously due to the differences in the zero-point energy correction when compared to C 2 H 4 . The harmonic frequencies for each ethylene are listed in Tables I-V. The calculations indicate that in the 1,2 E channel, ethylene first undergoes an 1,2-H ͑or D͒ shift to become ethylidene ͑e.g., CHCH 3 ). At the next step ethylidene can lose H 2 ͑or D 2 , or HD͒ from its methyl group to produce acetylene. An effort to search the transition state of an alternate concerted 1,2 E was in vain; therefore this reaction path does not seem to be plausible. In the 1,1 E channel, two hydrogen atoms leave from the same carbon atom to generate H 2 ͑or D 2 , or HD͒ and vinylidene ͑e.g., H 2 CϭC:), and the latter can readily rearrange to the much more stable acetylene. In the H loss channel, an H ͑or D͒ atom and vinyl radical are formed by a simple bond rupture, and, provided that enough energy is available, the vinyl radical can decompose to another hydrogen atom and acetylene. The vinyl decomposition via a vinylidene molecule is simply not favored, judging by the energy of H 2 CϭC:ϩ2H being 7.95 eV. FIG. 2. The molecular and atomic hydrogen elimination channels on the C 2 H 4 ground state potential energy surface. The relative energies ͑in eV͒ are computed at the CCSD͑T͒/6-311ϩG͑3df,3p͒ level at the geometries optimized by B3LYP/6-311G͑d,p͒ with B3LYP/6-311G͑d,p͒ zero-point energy corrections ͑ZPEs͒.
C 2 D 4
As seen in rium structure shown in Fig. 1 are consistently higher as compared to their counterparts in C 2 H 4 . Most notably, the transition state for H elimination from the vinyl radical, ts7, is located at 6.54 eV. This implies that while the vinyl radical C 2 H 3 can lose a H atom at 193 nm ͑6.41 eV͒ in C 2 H 4 , the second D loss channel in C 2 D 4 is essentially closed or k 7 is zero without taking the tunneling effects into account. It is worthwhile to note that the calculated barrier height ͑1.66 eV͒ for C 2 H 3 →HCϵCHϩH exactly reproduces the experimental value reported by Knyazev and Slagle. 31 
D 2 CCH 2
As shown in Fig. 4 and the corresponding mechanism, for D 2 CCH 2 each primary channel is split into two processes. The 1,2 hydrogen shift in the 1,2 E channel can now be either a 1,2-H or D shift and thus proceeds by two different paths, leading to the same products, DCϵCH and HD. For the 1,1 E channel, D 2 CCH 2 is capable of decomposing to HCϵCHϩD 2 and DCϵCDϩH 2 . Likewise, the C-D as well as the C-H bond rupture can occur in the H loss channel. As in C 2 D 4 , the second hydrogen atom loss with a barrier of 6.46 eV is unlikely to occur at 193 nm within the model excluding tunneling corrections.
cis-and trans-HDCCDH
As shown in Figs. 5 and 6, the dissociation channels for cis-and trans-HDCCDH are very similar energetically. The reaction paths split even further in the 1,2-H 2 elimination and H loss channels as compared to those in D 2 CCH 2 . The elimination of H 2 , D 2 , and HD in HDCCDH ends up in three different deuterated acetylenes, which also can be formed at 157 nm after two hydrogen atom losses. Although the barrier for the second D atom splitting in HDCCD is 6.40 eV, i.e., below 193 nm ͑6.41 eV͒, the number of states for ts7.1 is nevertheless only 1, which makes the k 7.1 practically negligible according to Eq. ͑3͒. Again, the second deuterium atom dissociation channel is computed to be unattainable at 193 nm as for the other deuterated ethylenes investigated here.
C. Rate constants
Rate constant k Ϫ1 for the reverse reaction of the 1,2-hydrogen shift in the 1,2 E channel was computed by assuming there is no hydrogen exchange ͑or scrambling͒ and therefore the corresponding symmetry number was chosen as 1. On the other hand, k 2 , another rate constant in the same channel, was calculated so that the shifted hydrogen in ethylidene is free to pair with each of two other hydrogens in the methyl group to produce H 2 .
Owing to the virtually nonexistent transition state, a simple bond rupture rate constant such as k 6 is known to be difficult to address. As stated 21 earlier, a B3LYP/6-311G͑d,p͒ optimized C 2 H 4 structure of C s symmetry with one C¯H distance fixed at 2.4 Å was adapted as the H loss transition state. The energy of vinylϩH ͑or D͒ was taken accordingly as the ''activation energy'' in the computation of k 6 . The computed k 6 's at 193 nm are of the same order of magnitude, 10 10 , as the ones obtained by Bersohn's group 13 at the same wavelength with the RRKM theory.
As shown in Table VI -IX, the computed k Ϫ1 and k 5 , the latter being 10 13 by the order of magnitude, especially, have approached the applicability limit of the RRKM theory, which assumes the species are vibrationally equilibrated, as the time scale of the vibrational relaxation, in general, is in the range of a picosecond or a subpicosecond.
The dissociation processes of C 2 D 4 are less efficient than those of C 2 H 4 by factors of 2.35, 2.49, and almost 4 for k 2 , k 4 , and k 6 , respectively. Like in C 2 H 4 , in the case of C 2 D 4 the rate constants increase with the excitation energy, but the increase is more pronounced. For instance, rate constant k 6 for the H atom elimination was computed to be 3.74 ϫ10 11 s Ϫ1 at 157 nm, 29 times higher than the one at 193 nm, whereas in C 2 H 4 the difference is by a factor of 18. For the partially deuterated ethylenes, the magnitude of the changes in the rate constants with excitation energy lies between those for C 2 H 4 and the fully deuterated C 2 D 4 . Due to the low vibrational frequency modes, the number of states W of the corresponding ''transition state'' for hydrogen atom elimination increase more dramatically with higher energy, and so does k 6 . The H loss channel of ethylene is therefore expected to be favored with higher excitation energy when in competition with the H 2 elimination processes, as many experiments also indicated.
By assigning frequencies to their ''activated complexes'' for the H loss channel, Bersohn and co-workers 13 obtained 
D. Branching ratios
By setting the time to infinity and the initial concentration of ethylene to 1 in the rate equation solutions, the computed product yields at 193 and 157 nm are listed in Tables X and XI, respectively. These values, though somewhat different, are very similar for cis-and trans-HDCCDH, as expected from their rate constants. The rate equations for C 2 H 4 and C 2 D 4 are solved in the way that the H 2 (D 2 ) from the 1,2 E and 1,1 E channels can be distinguished, while the hydrogen molecule products for D 2 CCH 2 from these two processes can be easily differentiated, that is, H 2 and D 2 appear from 1,1 E, while HD comes from 1,2 E. The yields of hydrogen molecules from the 1,1 E channel are always higher than those from the 1,2 E channel, as clearly seen from the results for C 2 H 4 , C 2 D 4 , and D 2 CCH 2 in Table XII . As the excitation energy raises from 193 to 157 nm, the amount of products from the 1,1 E channel becomes less dominant. In spite of the fact that the H 2 elimination processes are more significant than the H atom elimination at both wavelengths investigated, increasing excitation energy favors the atomic dissociation, as indicated by the yields for all five ethylenes in Tables X and XI. The comparison of the product yields from the molecular elimination relative to D 2 with the experimental results of ethylene photodissociation at various wavelengths in the VUV range is presented in branching ratio for 1,2 E remains almost invariant with respect to the wavelength, while the theoretical ratio changes more drastically as the yield of HD diminishes from 0.91 at 157 nm to 0.45 at 193 nm. Similar phenomenon persists for But, while the experimental yields of HD behave independent of the wavelength, the calculated ones vary profoundly with it. It appears that the theoretical calculations consistently underestimate the 1,2 E channel or overestimate the 1,1 E channel. The discrepancies in the outcome of the molecular elimination processes seem too significant to be accounted for by mere inaccuracy in either theory or experiments. Of course, one may argue that by neglecting the isomerization in the present calculations may contribute to the disagreements. In principle, one cannot be absolutely sure of the consequences for the inclusion of isomerization phenomenon until the calculations have been actually carried out. However, it is also reasonable to anticipate that the isomerization could either slightly modify the present theoretical data or alter them more significantly; the latter would still be in contrast with the experimental findings that no isomerization was observed. It is only logical to conclude therefore that the molecular elimination processes cannot be entirely described as occurring through a vibrationally equilibrated hot ground state of the ethylene molecule after internal conversion from an excited electronic state. There is no question that the ground state surface is involved since the products, hydrogen molecule, acetylene, and vinylidene are presumably in the ground state; the first excited electronic state of H 2 is simply not reachable at 193 and 157 nm, whereas acetylene and vinylidene are also less likely to be in their excited states considering the high translational energy measured 14 for H 2 . On the other hand, the rate constant calculations and the subsequent branching ratios are based on the RRKM theory, which is statistical. It seems likely the excited electronic state converts to the ground state by surface crossing in either 1,2 E or 1,1 E channel, or both, resulting in nonstatisti- cal dynamics that cannot be described by the RRKM theory. It should be noted that the tunneling effect is not considered in the present study. We expect the tunneling correction would be more significant when the excess energy is near or below the reaction barrier as in the second H loss reaction at 193 nm. The molecular elimination channels would be less influenced by the tunneling. This can be realized by considering the C 2 H 4 branching ratio expression for H 2 dissociated from 1,2 E and 1,1 E that derived from the analytical solutions given in the Appendix at t→ϱ,
which is independent of k 7 . Nonetheless, the tunneling effect on the ethylene photodissociation is currently under investigation in this group. The preliminary calculations of the tunneling corrected rate constants are consistent with the expectation. It is interesting that the computed ratios of atomic versus molecular elimination process, around 2 3 , in Table XIV are almost the same as the experimentally determined quantities at 157 nm. This may just be a coincidence, considering the sensitivity and ambiguity of the rate constant determination due to the uncertainty of the transition state geometry in the atomic elimination channel.
IV. CONCLUSIONS
The calculations based on a theoretical model intended to understand the ethylene photodissociation in VUV were performed. In this simple model, a vibrationally equilibrated hot ground state ethylene molecule undergoes dissociation processes following the internal conversion from the excited electronic state. Within this framework, the ground state potential energy surfaces of C 2 H 4 , C 2 D 4 , D 2 CCH 2 , and cis-and trans-HDCCDH were explored. The geometries of the species, including the transition states and intermediates, in the dissociation channels of 1,2 E, 1,1 E, and H loss were optimized at the B3LYP/6-311G͑d,p͒ level. The energies were obtained by the CCSD͑T͒/6-311ϩG͑3df,2p͒ method with the zero-point energy corrections at the B3LYP/6-311G͑d,p͒ level. The RRKM rate constants computed employing the ab initio surfaces were then obtained at 193 and 157 nm. Finally, the rate equations were solved to obtain the branching ratios.
On the ground state potential energy surface of ethylene, the barrier for the 1,1 E channel is computed to be the lowest ͑4.10-4.16 eV͒, while the 1,2 E and H loss pathways have barriers of a similar height ͑4.70-4.80 eV͒. The ab initio calculations also indicate that the second H loss channel is closed at 193 nm for all the deuterated ethylenes studied.
Though a reasonable qualitative picture has been drawn for the H loss channel from the calculations, the quantitative description is hindered by the lack of an effective and simple approach to determine a virtually nonexistent transition state in a simple bond rupture reaction. The calculated branching ratios or yields are in agreement with previous experiments in the phenomena such as that the branching ratio for 1,1 E is higher than that for 1,2 E, and that the atomic elimination channels are favored at increasing excitation energy while the molecular elimination is suppressed. However, the discrepancies in the actual magnitude of the yields and their dependence on the wavelength are significant in the molecular elimination channels. Apparently, this model of the ethylene photodissociation mechanism is only partially satisfac- tory in describing the molecular elimination processes. In other words, our calculations are in support of that the dynamics of either 1,2 E, or 1,1 E or both channels may be nonstatistical in nature. Thus, it is likely that the dissociation proceeds via the intersurface crossing seam or seams with the ground state. The studies along this line are in progress in this laboratory. 
